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Technical Lesson 27 


PRACTICAL RADIO CONSTRUCTION 


FOREWORD: Present day radio communication is a precise and highly developed 

art wherein are used intricate circuits and complicated apparatus, the re¬ 
sults of many years of scientific experimenting and research. These circuits 
and apparatus, when incorporated in modern radio transmitters and receivers, 
appear as a bewildering maze to the untrained and unskilled man, but, to the 
man who is trained in the art of radio and skilled in the application of its 
principles these otherwise complicated circuits resolve themselves to simple, 
logical and easily understandable applications of radio fundamentals. 

A modern receiver may appear to be a very complex electrical mechanism to the 
man who knows little of radio; but the same receiver is simplicity itself to 
the trained man - for the trained man possesses KNOWLEDGE. By virtue of his 
knowledge he is fully cognizant of the why and wherefore of each instrument 
and the part it plays in relation to other instruments and the receiver as a 
whole. The trained man when confronted with a circuit entirely new to him 
can, therefore, quickly analyze the action of each and every individual part 
and with a miAimum of time and effort, fully understand upon what principle 
or principles the receiver is built and its exact mode of -operation. 

To give you such knowledge and training is the sole aim of the R. C. A. 
Institutes. Our lessons are designed to give you a clear, comprehensive 
knowledge of the art of radio and its many developments. The object of the 
following lessons in EXPERIMENTAL RADIO CONSTRUCTION is to enable you to put 
that knowledge to practical use, and at the same time increase the knowledge 
already yours. Beginning with simple, easily understandable apparatus you 
will be shown how to build actual radio receivers. By following instructions 
vou will learn the functioning of each instrument and its practical applies- 
tion and, step by step, you will progress from simple receivers employing but 
one vacuum tube to more complex multitube receivers. 

All the following constructional experiments embody the building of actual 
working models of radio circuits. Hence, you will be enabled to listen to 
radio programs, and in addition you will experience the supreme satisfaction 
of knowing that such accomplishment is the result of.your own handiwork. It 
is safe to predict that you will find these lessons in actual radio construc¬ 
tion pleasant and interesting. The fascination of radio will grip you, even 
[as it has gripped many others, and you will become absorbed in the work. 

Selection o f Tubes and Batteries . Before we begin this series of lessons in 
experimental radio construction - let us say a word or two about the selection 
of tubes and batteries. Although the A. C. screen-grid construction kit furn¬ 
ished to you by the R. C. A. Institute is complete, tubes ana batteries are 
not supplied for obvious reasons. Tubes are fragile and easily broken in tran 
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sit- While batteries, because of their weight, appreciably increase shipping 
costs This would mean an unnecessary imposition upon the student for many 
of our students already possess tubes and batteries and, therefore, do not 
wish to be put to this additional expense. 

The A C screen-grid kit of parts supplied with the course require the new- 
t^e A. C. operated tubes; namely, types 224, 287, 245 and 280. These should 
be of standard make, the product of well-known manufacturers. 

The selection of tubes for the battery-operated circuits depends greatly upon 
the kind of battery the student wishes to use to supply filament current to 
the tubes If the student has,or can secure, a 6-volt battery then we would 
recommend the usecif TJX-201A or CX-30U. tubes. The UX-201A and CX-301A are 
identical in their electrical characteristics and physical dimensions and can 
be used interchangeably. As these tubes draw a filament current of a quarter 
ampere apiece, it is essential that a 6-volt storage battery be used to supply 
?he filament current. If dry cells are used to supply the filament current to 
these tubes, the current drain upon the dry cells would be too great and the 
life of the dry cells would be very short, necessitating frequent replacement. 

If the student does not have a storage battery and does not wish to go to the 
expense of purchasing one, he may well use the. UX-199 or CX-299 type of tube. 
These tubes require a filament current of only six one-hundredths (0.06)-am- 
pore and this may be secured from ordinary dry cells. Because of this diff¬ 
erence in the kind of battery required to furnish filament current to the tube 
the tubes requiring a filament current of a quarter-ampere or more are often 
referred to as -storage battery" tubes; while tubes requiring a very small 
amount of filament current (such as the UX-199) are often termed "dry cell" 

tubes. 

As far as actual results from the completed hook-up are concerned, there will 
be little difference between the dry cell tubes and storage battery tubes un¬ 
less the user wishes to secure great volume of signal, for storage battery 
tubes are capable of delivering greater volume of signal than dry cell tubes. 
The oblect of the following experiments, however, is not to produce great 
signal strength, but rather to demonstrate the practical application of radio 
principles and, to this end, the UX-199 type of tube will perform quite as 
efficiently as the UX-201A. 

a *noral Instructions. The following are general instructions.that apply to 
each and every experiment and should be followed. Before beginning any of 
the work in experimental radio construction, the student should closely ex¬ 
amine each piece of apparatus to be used in order to thoroughly familiarize 
himself with its design and construction. The experiment will serve to dem¬ 
onstrate the practical use to which each piece of apparatus is put and the 
principles involved. Mount the parts in such manner that the wires connect¬ 
ing them will be as short and direct as practicable. Do not, however,.carry 
this idea too far and unnecessarily crowd the parts. Do not mount tuning 
coils close to large masses of metal such as variable condensers and audio¬ 
frequency amplifying transformers. 

wbpn connecting two wires together, or when connecting a wire to a binding 
Tost Ve suri that the surfaces of the wire and binding post are clean and 
bright. Remove the insulation from the wire and scrape it with a knif 
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blade or a bit of sandpaper. Examine the contact surface of the binding post 
to be sure that it is free from dirt and grime. 

If .W connection 1» to 0. . t.mpor.ff o». “» SSS’iTt^ffpSn- 

firm and clean mechanical connect . & simple matter to learn how to 

ZITl go^d sobered connection'and this will be thoroughly explained in the 

following pages.) 

Be patient. "Rome was not built in a^ay"; neither Eshipstep^wortm^- 

!iie°5or di ! receiver ^rSaf^hU" together i* a careless, slip¬ 
shod fashion is very apt to give inferior results. 

In the following series of lessons ^^^^a^been built arnicas demonstrat - 
hook-up is a temporary one, i.e., when it has served its purpose. 

s a • 

^re 0 lessness h and a sLpshod e :ork. Excise care'and patience in each and every 
step of every lesson. It pays. 

..I... nr Schematic „*l Plftur. firlPP JUSSYlSp.. 

JT^tical radio consiruetion both a schemat prop ' rly placing the various 

are given. The picture dlegram la t° aic1 w ? rln ' £ iagram . Before be- 

parts and to enable you to oaref ully both the diagrams and the in- 

ginning the actual construction study carefully ^ experiment follow> step 
gTtS:”ie ^agrams S and instructions. In this way your success is assured. 

The picture diagram has ^“^S^^^tffo^WSoTrSlo. 
wishes to build a radio receiver but who ^owb ^ depiotlng a circuit, as 

The schematic diagram is the technical na ^ accura te analysis and under- 

it lends itself mu °k more readily ln learning to read schematic diagrams, 
standing thereof. There is a knack in t dQ ^ ire . B y repeated comparisons 
but this knack is by no m ea ns difficul ac J , ^ will soon acquire 

between the picture diagrams and ^ soheoatic diagr technlciarl) oan 

read^^schematic/^yo^will 3 f ind* this method'much the easier and more practical 

of the two. 

In order to derive f^^^^^fthfideforiearainl to knofyour re¬ 
construction, you: sh l u lL Reviewyour texts dealing with the various phases 
ceiver and your hook up • ... -oractlcal work so that when you turn a 

of the subjects encountered in this pr ctica.L ^ so> T hus you wlU learn 

“ a rou " 
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SOLDERING 


PiiT'nARP of Using Solder. The repair of any radio receiver usually^ entails^ 
the ‘ making of amibeF of soldered connections, and it is essential that the 
radic^service man should know how to solder the connections correctly, be¬ 
cause the myconnections in the wiring of a radio receiver must be so treat¬ 
ed in order to eliminate losses arising from high-resistance joints. It J- 
recommended that, after carefully studying this subject, you put into practice 
the instructions contained herein. An hour or so spent with a simple solder- 
v-; 4 - arL d a few scraos of copper wire should enable you to acquire the 
knlck of Peking a neat, well-soldered joint. Any joint in the wiring of a 
receiver, in order to be good, must possess low electrical resistance and high 

mechanical strength. 

Tf . thp surfaces of two copper wires are scraped until clean ana bright and 
^hen firS ?wisfed together, the joint thus fo: 

ical strength and low electrical resistance when first made. But vfiththe 

face^of^the^etal^will^ake^olace^nd^ventually^his’oxidation will penetra^ 
to°every crack and = y °f » *> «^ a lTtel°lZt It 

will be n trouwSsome? TMs oxidization of S.-WTg.. slowly ** 

s svws of S u 0 h a«i« 

as to be nearly non-conductive. 

Wnisv and fluctuating reception volume is often due to poor joints. The a- 
mount of energy deceived by the antenna in the first place is very small and 
“be conserved ?o the greatest extent possible. There should be no waste 
of an appreciable amount of this energy which would be the result if it trav¬ 
ersed high-resistance joints. 

therefore, is applied to each and every joint in the wiring of a re¬ 
ceiver’for the purpose of enhancing the mechanical strength of the joints 
and to preserve their initial low resistance. 

slaw's- s£*sr!.ss sa 

^corfand electrically’conducive without the use of solder. Solder is 
?henapplief?o preserve the stability of such joints both mechanically and 

electrically* 

Ko „ t AT , nl1P fl tn « Joint to be Soldered an d Use of Soldering Flux. 

SgslSSSSSSSwi: 

Jrlvent such g oxidization, and to dissolve such oxides when they do form, a 
fluxing agent is applied to the joint to be soldered. 
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fXuxes available and the ehoice of the proper flux is 
tao^^^Ebe'' flux to he used in radio receivers, or m any deli- 
tfuwork. must he both non-corrosive and non-conductive. Should 
Si he used, joints made by its use will eventually possess high- 
c© due to such corrosion. Therefore, never use an acid flux. 

Of all the fluxes available rosin flux and"Nokorode" or equivalent, are the 
v ps t -for radio use. Each has its advantages and disadvantages, as oet forth 
below! Ld as the Methods of application differ slightly the use of each will 
be taken up separately. 

wnVnrnde is the easier of the two to handle and its use enables one to easily 
receiver. *“?reover, i between two or more terminals in the receiver it 

»£ ir ■> Sw as^s.a=jai:-.s;.*^ss.ss s 

ing a “ re r s ^ d h ^ r \ tween terminals or conductors placed in close prox 
Zlly to one another! it P must be wiped off carefully with a clean cloth, pre- 
ferably a cloth dipped in alcohol. 

p a 

On the other hand rosinflu^improperly used ^ ^bfavo^df 

is termed a "rosin joint . o T h e &™ ° ^ 30 £ as tQ constitu te an 

S« t 5ir”S! t ^Je?~rSy exircising reasonable care in applying the rosin 
flux, such joints will not occur* 

3B solpais » !■ "»* • M m ' °T".[ nr fgdlanitisT 

Overheat. . The soldering iron consi In There are many electric irons on 
heater resistance unit and a pp P• h 0 f SUC h irons is not recom- 

the market at very low prices ' * ?uroha made, with the result that 

mended. These cheap irons invariably are pooriy an lnsumclen t a - 

mount e of h heat ra or a ?a?f?o S sIandup under oontinied usage; i.e., the heating 
mount of heat, . the Iron useless. It is economical to pay 

more place for a"we 11 made iron. Such irons are not expensive. 

The proper degree of heat °?e^in^uni^an^wil^always be right when used'on 
an e electfic°lighting°circuit of correct voltage. Thus, the user is saved the 


T <c» cs e>rvr> 
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inconvenience of having to heat the iron repeatedly, as is the case when 
electricity is not available and a plain iron must be used. Plain irons, 
although they cost less than the electric variety, must be heated with a 
blow-torch or in a gas flame. If the iron is heated in a gas flame, care 
must be exercised to keep it cleaned of the soot that will be deposited 
unon it. The proper degree of heat of any soldering iron is that at which 
it will melt the solder as soon as it is applied. In an electric iron the 
correct soldering temperature is automatically provided for by the design 
of the heating element. When heating a soldering iron with a blow-torch 
or gas flame, be careful not to overheat the iron, and under no circumstances 
allow it to become redhot. The proper degree of heat is indicated by the app¬ 
earance of a green flame about the iron. 



Figure 1 



Figure 2. 

to proper temperature. 

Figure 2 shows a 

soldered connection. 

m t.n ME S.M . -n. iro, ff™” 

soldering can be ac ° 0 ^ ipl 5:^ e ^J r ^ r W orking surfaces filed until the copper 
the iron it first h*ated^nc 1 the bear down heavily upon the file 

-ss s , . , sr« .£.rEa. isr^<ss .«. 
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ts work- 

now tinned and ready fOT use 

a properl;- soldered connection can be made the surface of the wires 
must be scraped or sandpapered until clean and bright. The joint is then 
made mechanically secure as shown in Figure 5. A loop is formed in the wire 
by means of a pair of long-nosed pliers. This loop is then slipped over the 
wire to which connection is to be made and pinched into place, resulting in 
a secure, self-supporting joint. 



.. 


Figure 5 



Compare the connections in Figure 5 with Figures 6 and 7 wherein are shown 
what are known as "abutted joints". The making of such Joints should be 
avoided as they are insecure and very apt to possess poor electrical con- 
ductivity. To attempt to hold the wire of an abutted joint in position 
while soldering is certain to result in an unsatisfactory joint, for it 
• is a nhysical impossibility to hold the wire absolutely steady for the 
length of time necessary for the solder to solidify. The slightest tremor 
of the hand at this critical stage will result in a fracture of the solder 
and, although this fracture may be so slight as to be quite unnoticeable, 
it nevertheless detracts from the strength and conductivity of the joint. 
Another objection to the making of abutted joints arises from the necessity, 
often encountered, of making two or more connections close to one another. 
While soldering one connection the heat will be conducted by the metal to 



Figure 4. 
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the other connection and should this other connection be an abutted one, it 
will promptly fall aoart. Having made the joint mechanically secure, the 
next step is the application of the flux. Of the two fluxing agents already 
mentioned as being suitable for radio and other delicate electrical work, 
namely Nokorode, or equivalent, and rosin, we will consider the use of Noko- 

rode first. 





Figure 7. 
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«»»«„ „ S’K SKf” 

*m. 

shown in tigure 5, h^nlv enough to cover the joint with a thin 

should be used very span g Luxis U sed 8 it will creep rapidly as it melts, 

and^this^ishiighly^undesirable for reasons already stated. 

The soldering iron, pr °P e ^'{into'^the joiiv^where it accomplishes 
joint", melting the paste which runs in 3 oxide that may have 

its purpose; i.e., the removal of any joint until the joint is heat- 

formed thereon. The iron g The so i de r is then applied to the joint, 

ed to the melting P° in ‘ ° f iron as shown in Figure 9. When prop- 

as shown in Figure 8, ^ 0 «>® £ 3 * s 'comes in contact with the 

erly done, the solaer will ^ - ioint making a neat, workmanlike job. 
joint and will run in and joint, as shown in Figure 10; 

Only enough sol ^ e f' o^the joint as shown in Figure 11. Such un- 

sightly^gobs" of solde? are wholly unnecessary and present an unworkman- 
like appearance. 



If any of the flux hsxains aa ^jumped off^lth a^lsaTeloth. Special 
usually does, It should h. ™“ 1 ' "fp,“ , residual flux has or.pt 

grisst’SJa^ by “” olv 8 

the left-over flux. 
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Incidentally, the handiest and most practical forms of solder for radio use 
are ribbon and wire solder. Wire solder is made with a core of rosin flux, 
a very convenient arrangement, for by its use flux and solder are applied 
to the joint in one operation. 

When using rosin-core solder a somewhat different procedure is in order in¬ 
sofar as the flux is spoiled to the joint after it has been heated. First, 
annlv the iron to the joint until the joint is well heated; then apply the 
rosin-core solder. careful to apply the solder to the joint, as shown in 
Figure s! The rosin flux in the core of the solder will at once melt and 
® _nn the -joint fluxing it. The solder will also melt rapidly and foll¬ 
ow the flux to the’joint, resulting in a neat, well soldered connection. 




Figure 10 


Figure 11 


Even as the use of Nokorode, or equivalent, has one pronounced disadvantage; 
namely, the likelihood of current leakage due to the presence of residual 
flux- so has rosin flux one pronounced disadvantage, and that is the possib- 
Uity It producing a -rosin joint-. A rosin joint is the result of burned 
rosin collecting on the joint and is due to the improper manipulation of the 
soldering iron and solder. The solder will often flow over such a 
ing the appearance of a well soldered connection, when, in reality, the burn¬ 
ed Vosin in the joint results in a high-resistance connection and in severe 
cases even an opln circuit. To avoid the making of rosin joints the rosin- 
core solder must be applied to the heated joint, not to the iron. If the 
rosin-core solder is applied to the iron, as shown in Figure 9, a rosin joi n i 
will very likely be made for the following reason. The melted rosin 1 lowing 
upon the iron will result in the active ingredients of the rosin flux liter¬ 
ally "going up in smoke," while the useless burned residue will flow down 
onto the joint. As that active ingredient in the flux which accomplishes the 
proper fluxing of the joint has been evaporated by the heat of the iron, the 
burned rosin remaining is of no use as a fluxing agent and only serves to ob¬ 
struct the soldering operation. Therefore, care should always be exercised 
in the use of rosin-core solder. When handled correctly, however, rosin-cor 
solder is really excellent for radio use. 

It is often necessary in the wiring of a radio receiver to carry the solder 
to the joint on the soldering iron. This is greatly facilitated by notching 

the iron with a file, as shown in Figure 12; this notch s ® r T e ^ hie 

hnhhie of molten solder while the iron is brought to the joint. When a bubble 
of solder is brought into contact with the joint it'Will heat ve ^ 

quickly and, provided the joint has been properly fluxed, the solder will f 

readily to it. 
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Practical Application of Solder to Metal Units or Parts of Receiver, Wiring , 
Terminals, Lug3, etc . It is impossible to solder to nickel plated surfaces 
wli’en using these fluxes permissible in radio work. Therefore, when solder- 
to an instrument or terminal which is nickel plated, it is necessary first 
to scrape the plating from that part of the instrument or terminal which is 
to be soldered uhtil the base metal, usually brass, is exposed. Soldering 
is then accomplished in the usual manner. 

It is always best to solder connections, but when soldering wires to cert¬ 
ain apparatus it is sometimes necessary to modify this rule* When it is in¬ 
advisable to solder a connection directly to the binding post terminal of an 
instrument, the wire should be soldered to a connecting lug and this lug 
should be then clamped tightly beneath the nut of the binding post. Bear in 
mind, however, that such a connection does not constitute a soldered joint. 

The actual connection between lug and binding post terminal of the instru¬ 
ment is a mechanical one and every care should be exercised that it be not 
only good but permanent; i.e., the contact surfaces of lug and terminal should 
be scraped, or sandpapered, until clean and bright, and the lug then clamped 
tightly beneath the nut of the binding post. 



Figure IS. 

Figure 13 illustrates a commonly used type of connecting lug. These lugs are 
usually made with a small hole in the shank and through this hole the wire is 
slipped and pinched securely into place by means of pliers. Solder is then 
applied to this joint to insure the preservation of its mechanical strength 
and electrical conductivity. If the lug has a small trough, as in B, Figure 
13, the wire is clamped into place in this trough and solder then run into it. 

Instruments to which it may be inadvisable to solder directly are a. f. trans¬ 
formers, small fixed condensers, grid leaks, and fixed and variable high re¬ 
sistance units. 

Many makes of audio-frequency transformers are equipped with binding post 
terminals, and it is not good policy to solder directly to these. Solder the 
wire to a lug and clamp the lug tightly beneath the binding post nut. The 
wires leading from the windings of the transformer are usually soldered to 
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the shanks of the binding posts inside the casing. 

An attempt to solder directly to such terminals will possibly cause the con¬ 
nections with the case to become unsoldered, resulting in an open-circuited 
transformer. However, many of the later types of audio-frequency transform¬ 
ers are provided with lug terminals. It is quite safe to solder to these as 
the manufacturer has anticipated, and provided against, the loosening of the 
interior connections during the soldering operation. 

Some types of small fixed condensers are made with plates of flimsy tinfoil. 
Do not solder connections directly to such condensers, as the heat of tne 
iron is likely to damage the plates. Connection should be made by slipping 
a small (8/32) brass machine screw through the hole usually provided for such 
a purpose and clamping a lug, to which the connecting wire has been soldered, 
beneath the nut of the machine screw. However, connections may be soldered, 
without fear of damage to those types of condensers haying plates of sturdy 
copper foil, or thin strip brass, and solidly moulded in a protective casing 

of bakelite. 

Grid leaks and other tubular high resistance units are almost invariably 
mounted by slipping them between two metal clips which serve to hold them 
firmly in place and make contact with their terminals. As a rule, the - 
mount of heat necessary to solder connections to grid leaks and tubular high 
resistance units will damage the resistance thereof or will loosen, or entire, 
ly detach, the small metal end-caps which serve as the terminal of such de- 

vices. 



m, pn t he grid leak or high resistance unit is a solid rod or such material 

“ safe°t<fnu^e° soldered^ connect ions to sucfdevtces unles^t^manufacturer 

SETS? S22S ^t?f Snai provided 

for this purpose. 

A method of splicing comparatively coarse wires, such as are used forJ^e 

“ to «. «h. l»«r- 

most crevices of the joint. 
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The foregoing instruction upon soldering may he sum m arized in a few simple 
rules, as follows: 

1. The joint to be soldered must be clean, mechanically secure and 
electrically conductive. 

2. The soldering iron must be clean, well tinned and heated to the 
proper, temperature. (Use an electric iron, it is by far the best.) 

3. Never use an acid flux. 

4. Use the right flux, such as Nokorode, or equivalent, or rosin, and 
use it sparingly, keeping in mind the limitations of each. 

5. Flow just enough solder on the joint to cover it. 

6. If a paste flux such as Nokorode, or equivalent, is used, wipe away 
the residual flux with a clean cloth, preferably a cloth dipped in 
alcohol. 


EXAMINATION - Lesson 27. 


1. What are the primary requirements of a good joint? 

2. What is meant by "tinning” the iron? 

3. State briefly the advantages and disadvantages of:- 

(a) paste fluxes. 

(b) rosin fluxes, 

4. Why is solder used in making joints? 

5. What precautions should be observed when using paste flux? 

6. What is an abutted joint? Is the making of abutted joints considered 
good practice? 

7. How much solder is necessary to make a good joint? 

8. What precautions should be observed when using rosin flux? 

9. What happens when a joint is left unsoldered? 

10. Is the use of acid flux permissible in radio work? State why. 
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